In 2014 the SWAT (Soil and Water Assessment Tool) model was used as a basis for follow-up investigations of Moldova's small rivers potential flow. The first step of the study included the validation of SWAT for local conditions. As an experimental area, the Cogilnic River watershed was selected. Interim steps included the watershed delineation aimed to identify the subwatersheds and the Hydrological Response Units (small entities with the same characteristics of hydrologic soil type, land use and slopes). To address these tasks, the land cover, soil and slope layers, based on the Digital Elevation Model, were integrated in the SWAT environment. These thematic layers, alongside with long-term information on local monthly maximum and minimum temperatures and precipitation, enabled reflecting the differences in hydrological conditions and defining the watershed runoff. However, the validation of the modelling outputs, carried out through comparison of a simulated water yield from the studied watershed with actual Cogilnic streamflow measures, observed in 2010-2012, showed a great discrepancy between these parameters caused by anthropogenic loading on this small river. Thus, a 'classical' SWAT modelling needs to account for real environmental conditions and water use in the study area.
Introduction
The movement and storage of water at a watershed scale is a complex system affected by climatic, geologic, soil, land use, anthropogenic and other factors. The nature of the processes inherited in surface and subsurface hydrology is usually investigated by hydrologic models simulating these processes over different time intervals, scales and physiographical conditions. In recent years, a number of conceptual hydrological simulation models have been developed and are increasingly used by hydrologists and water resource managers to understand and address the extensive array of water resource problems, including those related to the watershed, streamflow and reservoir management, as well as to human activities that affect these processes. Numerous review studies provide comparisons of either complete modelling hydrologic packages or their specific components, with varying levels of input/output data and structural complexity [1, 2, 3, 4, 5] .
Among the most widely used watershed and river basinscale models is the Soil and Water Assessment Tool (SWAT) based on development of its individual components that it utilized over multiple decades [6, 7] . The history of the SWAT development and the following enhancements, from its first version that emerged in the early 1990s (version 94.2) to the latest versions, is well described by Arnold et al. [8] . Due to its comprehensive nature, strong support and open access status, the SWAT model has proven to be highly flexible in addressing a wide range of water resource problems. Hundreds of SWAT-related papers were presented at numerous scientific meetings and in dozens of articles have been published in peer-reviewed journals. The widespread use of SWAT in comparison with several other leading hydrologic models was demonstrated by Refsgaard et al. [2] . In addition, a good review of the SWAT extensive testing for hydrologic modelling on different spatial scales is provided by Zhan et al. [5] .
Thus, undoubtedly, this model, described in detail by Arnold et al. [9] , Neitsch et al. [10] and Winchell et al. [11] , has proven to be an effective tool for assessing water resource for a wide range of scales and environmental conditions across the globe (see e.g. [12, 13, 14] ) and has gained international acceptance as a robust interdisciplinary watershed modelling tool. However, certain weaknesses encountered in some of the SWAT outputs clearly show that expanded testing of this model, initially developed and adapted to specific USA conditions, is needed. As Gassman et al. [7] noted, the SWAT users are to bear in mind that modelling results should reasonably reflect the actual hydrologic processes. This recommendation is especially important for Moldova where anthropogenic pressures on water resources, caused by their poor management, negatively affect the quantity and quality of water supply, necessary for the sustainable functioning of the national economy and providing the necessary ecosystem services. The correct use of the up-to-date hydrological modeling allows to quantify these losses and to plan timely the appropriate response measures.
The goal of this study was to examine the suitability of the SWAT model for the investigation of water yields in those areas of Moldova where water resources are presented mainly as small anthropogenically modified rivers.
Study area
For the SWAT validation, the Cogilnic River watershed was selected. This river is one of Moldova's typical small rivers, which originates in the Moldavian Central Upland (also known as Codrii) and falls into the Black Sea between the Dniester and Danube River Deltas. For the study, the upper part of the Cogilnic River watershed (UCRW) was chosen, from its source to the hydrological post Hincesti where monitoring observations of the streamflow are carried out (Fig. 1 ). The drainage area of UCRW is about 243 km 2 ; a perennial streamflow is generated at the highest elevations in its northern part. The UCRW landscape has been formed by marine and continental deposits of Miocene (clays, marls, limestones, sands, sandstones and Quaternary loesses). Now the landscape is characterized by gently to moderately hills, with average elevation of about 242 m, varying from 393.7 in the Cogilnic River source to 115.7 m in Hincesti. The length of its main channel in the studied area is 45.6 km, with a mean channel slope of about 6.1 m/km and surface runoff generally moving toward the southeast. However, the Cogilnic River drainage area is a very poor of water sources, and sometimes its tributaries dry up, especially in rainless periods and on its higher parts. Due to the absence of continuous stream flow, they usually freeze in cold winters. Some reaches are blocked by dams, forming approximately 20 artificial reservoirs, with areas from 0.1 to 10.6 ha, shallow depths (1-3 m at the dams) and relatively small volumes. A main source of their supply is snowmelt water and precipitation that is significantly reduced in dry years. Ground water is generally located at a depth of 5 m; in some cases it may occur at smaller depths (1.5-2.0 m) and even on the surface, causing landslides and other exogenous processes. The most common geomorphologic units in the watershed are upland areas (89.2%) followed by lowlands (10.8%). A general exposition, determined by the relief and water flow, is northeastern and southwestern with slopes varying from 0-2° (plateau, meadows) to 21°.
The UCRW climate is temperate continental with short mild winters and long hot summers. Here, based on historical observations at the nearest Codrii weather station in the two decades with measurements (1993-2012), the mean annual air temperature was 9.5°C, with mean winter and summer values of 1.3°C and 20.2°C, respectively. The average annual total precipitation in this period was 580 mm, ranging from 400 mm to 760 mm. About 70% of total precipitations occur during the warm season (April to October), only about 10% -falls as snow. Such climatic conditions favor the growth and development of plant species, however dry spells in warm seasons, sometimes lasting from 10 days to 2.5 months, cause a reduction in a surface runoff, water deficit and problems in water supply.
Material and methods

Initial material
To accomplish the main goal of the study, its research approach involved the application of SWAT to simulate the monthly and annual runoffs of the UCRW watershed. Afterwards, the modelled runoff was compared with the observed Cogilnic River streamflow at Hincesti hydrological post from 1 January 2010 to 31 December 2012 (Tab. 1). Usually, such databases with long-term time series of streamflow and climate data provide an essential foundation for calibration and validation of the conceptual models designed to simulate watershed water yields.
A watershed's climate provides moisture and energy inputs that control water balance and determine the relative importance of different components in a hydrological cycle [10, 11] . The climatic variables required by SWAT consist of daily precipitation, maximum/minimum air temperature, solar radiation, wind speed and relative humidity. The SWAT allows inputting these variables from the daily observations or their simulations from averaged monthly values. Because of practically no free access to daily weather information in Moldova, for the simulation of the UCRW climatic conditions the historical three-year (2010-2012) monthly observations of mean maximum and minimum air temperatures, and precipitation at the Codrii weather station were used (Tab. 2), considering them as uniform for the whole study area. The standard deviations (Sd) of monthly temperatures, necessary as one input for modelling, were based on 20-yrs observation period (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) . The other weather input parameters were simulated by Weather Generator (WGEN) that is embedded in the SWAT. 
Methodological approach
The ArcSWAT interface for the SWAT [11] , which has evolved from the AVSWAT2000 and ArcView extensions developed for its earlier releases, applies a hydrologic modelling approach that utilizes spatially distributed climate, topography, soils as well as land use and land management practices. The simulation of watershed hydrology is separated into a land phase, which controls the amount of water loading to the main channel, and an in-stream or routing phase presenting the movement of water through a watershed channel network to the outlet [8] . For modelling purposes, the watershed, through the procedure of delineation, is partitioned into subwatersheds, connected by a stream network, and into hydrologic response units (HRUs) − small entities with the same characteristics of hydrologic soil type, land use and slopes. This delineation allows SWAT to reflect spatial heterogeneity in the watershed. Lumping the similar soil and land use areas into a single unit through HRU delineation, minimizes also the computational costs of simulations [5] . On the other hand, this approach requires detailed spatial input data describing all land use, land cover and soil characteristics, which are available from various information sources, and their distribution within the watershed [9] .
Watershed delineation
The UCRW delineation for identifying the reaches and subwatersheds was carried out in the ArcSWAT environment, using the Digital Elevation Model (DEM) built on topographical data (scale 1:25,000), digitized in the Moldavian Academy of Sciences [15] . Vectorization of the topographic maps resulted in a pixel size of 10x10 m that was suitable for a hydrological analysis.
Reaches were defined as parts of the river whose drainage areas were more than a specified threshold value, or a critical source area that defines a minimum upstream subwatershed, which is required to form the origin of a stream [11] . Based on the study area, the selected threshold value was 500 ha. According to this criterion and the level of relief roughness, 27 sub-basins were automatically defined on the reaches upstream of Hincesti hydrological post (Fig.  2) . The lengths of the reaches were between about 0.3 km and 10.2 km, with the mean value of 3.9 km. The location of the selected hydrological post coincides with the UCRW outlet, or the point where streamflow exits this watershed and therefore reflects its entire drainage network. This is useful to compare modeled and measured flows.
The results of the delineation are shown in Fig. 2 . 
HRU definition
Subdivision of the UCRW into HRUs enables reflecting the differences in hydrological conditions for different localities. HRUs were determined by the dominant land-use category, soil type and slope class within subwatersheds [11] . Due to the relatively small areas of delineated subwatersheds, only a single HRU was identified for each, and thus 27 HRUs were developed for the UCRW's part above the hydrological post Hincesti where water yield was measured. Subwatershed/HRU characteristics were obtained from the GIS's vector data layers.
Although Moldova is not included in the land cover vector files of the CORINE (Co-ORdinated INformation on the Environment; http://www.eea.europa.eu/publications/COR0-landcover), the codes of this database were used to create the UCRW watershed land-use maps (Fig. 3) . These maps were built based on the interpretation of satellite images with a following clarification on the orthophoto images with a resolution of 1 m. Then these materials were generalized and translated in a raster format. In the CORINE codes the The Soils of the UCRW were classified according to the World Reference Base for Soil Resources, deposited as the Food and Agriculture Organization (FAO) Corporate Document Repository at the FAO website [16] , and were grouped into six classes and areas: Greyzem (GR) -4,590 ha; Chernozem (CH) -16,677 ha; Fluvisol (FL) -900 ha; Gleysol (GL) -1,649 ha; Vertisol (VR) -432 ha, and Luvisol (LV) -50 ha (Fig. 3) . The available soil maps (scale 1:50 000) were generalized and converted to a raster format, and served as a basis for the vector version of the UCRW soil map.
The average slope of UCRW is about 6.9 degrees. Four categories -less than 2 0 , 2.0 0 to 7.0 0 , 7.0 0 to 14.0 0 and 14.0 0 to 21 0 -were used to capture all slopes, from low to high, occupying 12, 40, 45, and 3% of this watershed area, respectively ( Fig. 3) . Reclassification of land use, soils and slopes maps into SWAT layers enabled their overlay. This procedure resulted in a new layer called FullHRU, which was added to the SWAT geodatabase. Surface runoff and base flow were predicted separately for each HRU and routed to obtain a total water yield.
Results of modelling
The annual results of the three SWAT simulations are shown in Tab. 3. These standard outputs contain summary information on the model run, including the watershed-level statistics that help to determine whether the SWAT model is producing valid results. Abbreviations: RREC -average amount of simulated precipitation; SURQ -amount of surface runoff contribution; LATQ -lateral subsurface flow contribution; GWQ -ground water contribution; LATE -water percolation past bottom of soil profile; SW -amount of water stored in soil profile; ET -actual evapotranspiration; PET -potential evapotranspiration; WATER YIELD -watershed runoff to streamflow.
For each time step, SWAT calculates the amount of water that infiltrates into the soil and evaporates; the rest of water becomes runoff that occurs whenever the rate of water application to ground surface exceeds the rate of infiltration [10] . From this viewpoint, the parameters SURQ (amount of surface runoff contribution), LATQ (lateral subsurface flow contribution) and GWQ (ground water contribution) define runoff, or the loading from HRUs to the main stream, while the rest parameters define infiltration and evapotranspiration. Average watershed values are a weighted sum of all HRUs' contribution to the streamflow and soil profile before any channel routing is simulated; the annual averages provide users with the basic understanding of the watershed water balance.
A quick analysis of the simulation results (Tab. 3) gives some formal reasons to consider them as quite correct. In particular, the water yield exceeds infiltration about 2.3 times in 2010-2011 and about 1.8 times in 2012 that was an extremely dry year in Moldova. The ratio of potential evapotranspiration to precipitation changes from 0.39 to 0.51 that is somewhat smaller than its averaged value, for example, for the US (~0.62), but US climate overall is warmer than Central Moldova's climate. However, the SWAT as the comprehensive river basin model contains a large number of input parameters used to describe spatially distributed water movement through a watershed system, and due to this complexity it requires an additional parameterization and calibration.
SWAT validation and calibration
In practice, the main objective of hydrologic model calibrations is to receive the best agreement between observed and simulated values, and this process is performed by way of selecting the values of a model's parameters addressing this criterion. A final conclusion can only be achieved by the model validation through direct comparison of simulated outputs with the real runoff to the main stream.
The values of the Cogilnic River observed streamflow are shown in Tab. 1. To compare them with the simulated runoff from a corresponding subwatershed, they were recalculated from m 3 /sec into monthly and annual values, expressed in m 3 . In turn, the simulated SWAT Water Yields, initially expressed in mm (Tab. 3), were also recalculated in m 3 through multiplying them by the watershed area expressed in m 2 . As one can see from the comparison of simulations and observations (Tab. 4), the discrepancy between them is very significant and cannot be neglected. For example, if to express the observed annual stream flows as a percentage of simulated water yields, they amount to only 9.9, 18.5 and 9.6 percent for 2010, 2011 and 2012, respectively. These differences are even greater when comparison is done on a monthly basis, thus necessitating the SWAT calibration.
Usually, any calibration procedure is targeted at better adjusting of the model to local conditions, thereby reducing its inherent uncertainty. At the same time, the calibration of watershed models is complicated by a necessity to estimate a large number of parameters and coefficients. Only in this case, a set of their values, which generally represents only one possible combination, can produce a response similar to that observed [17] . The comprehensive overview of all key facets required for an ideal SWAT calibration and validation is presented by Arnold et al. [8] who considered a river stream flow as a good example of a process-based calibration. Processes, which take place in the streamflow formation, are comprised of the water balance in the land phase of the hydrology, including ET, lateral and return flow, surface runoff, channel transmission losses, deep aquifer recharge, etc. If data are available for each of these processes, they can be individually calibrated.
The manual calibration is usually performed by changing the values of SWAT input parameters that aims to produce outputs within a certain range of measured data. Since SWAT simulates multiple interactions in the hydrological process, many variables impact these interactions. As a result, any changes in surface runoff trigger corresponding changes not only in components of the water balance but also, for example, in plant growth and, consequently, in evapotranspiration. Numerous studies have reported different input parameters used for the SWAT calibration [3, 4, 5, 8, 17] . For example, Arnold et al. [8] summarized calibrated parameters that had been used in 64 studies; they also emphasised that most manual calibration methods have started with a water balance and streamflow. Calibration parameters concerning a streamflow are usually divided into those governing surface runoff and those governing subsurface runoff, or baseflow [3, 8] .
The most popular from the first group is CN2 − an initial SCS runoff curve number for moisture condition II; the second group includes SOL_AWC − an available water capacity of the first soil layer (mm water/mm soil) and ESCO − a soil evaporation compensation factor. According to the SWAT documentation [9, 10] , CN2 is an empirical parameter, developed by the US Soil Conservation Service (SCS); it is based on an area's hydrologic soil groups, land use and land cover types, and hydrological conditions. This parameter computes runoff depth from total rainfall depth and is widely used as an efficient method for determining the approximate amount of direct runoff from a rainfall event in a particular area, mainly for small catchments and hill slope plots. ESCO adjusts the depth distribution for evaporation from the soil to account for the effect of capillary action, crusting, and cracks; the ESCO reduction leads to more modelled extraction of the evaporation demands from the lower soil levels [10] .
The example of our surface runoff calibration through changing the CN2 is shown in Tab. 5. As it can be seen from the table, with 10, 20 and 30% reduction of CN2, the surface runoff is also respectively reduced. However, Water Yield varies to a little degree because of a corresponding proportional increase in subsurface runoff. In other words, we observe a simple redistribution of the water yield components. Even at 30% reduction of CN2, the water yield is reduced within the 5% limits. These results support real life experiences that the SWAT capabilities are quite limited in relation to small rivers, especially to those exposed to substantial anthropogenic changes. The model calibration in these cases is not able to take into account all factors affecting their runoff, thereby causing the inevitable bias in its evaluation.
The discrepancy between simulations and observations is very significant and very difficult to be eliminated by any calibration.
Indeed, all small rivers in Moldova are extremely polluted and heavily disturbed by anthropogenic activities, in some case leading to their complete drying [18] . Today's situation is caused by an illegal creation of numerous ponds in their basins (often without any project documentation), by water withdrawal for personal needs of local people and tenant farmers, as well as by high-water dams and uncontrolled landfills on river banks. As a result, the channels of the small rivers are changing, they are losing their water sources and tributaries, with precipitation and snow-melt water either evaporating or infiltrating to different depths. Moreover, drying of small rivers affects seriously the general state of the watershed ecosystems, thus changing the plant cover and evapotranspiration conditions.
In particular, the calculations, performed by Casac & Lalikin [18] , showed that approximate reductions of the Cogilnic River streamflow due only partially to these anthropogenic factors are: due the land treatment -up to 20%; artificial reservoirs -10-15%; irrigation -4-5%; urbanization -10% (e.g., see Fig. 4 ). 
Conclusion
The findings of this study provide certain evidence that SWAT can be an effective tool for modelling watershed runoff. However, the specific weaknesses encountered in some of the SWAT output contingencies support clearly the conclusions of Gassman et al. [6] that the expanded testing of modelling results is needed in order they could reasonably reflect actual hydrological processes. The SWAT is less powerful when it is used to model the streamflow of small anthropogenically altered streams. In these cases, the modeled amount of water yields including a surface runoff and baseflow, which eventually enter to the river stream based on the SWAT outputs, does not reflect some additional external factors. Among these factors there are diverted and return flows to and from the agricultural, municipal and industrial usage, as well those amounts, which are stored in artificial ponds or are lost due other human activities. Thus, SWAT modeling for small heavily modified rivers yields a certain hypothetic runoff from the watershed that can be real only for "a pristine environment", e.g. for natural reserves where any external intervention is forbidden. Otherwise, the careful validation of this model must be accompanied by the evaluation of a bias, which is caused by anthropogenic factors and cannot be eliminated during calibration.
Taking into consideration the anthropogenic factors is especially important in modelling extreme runoffs, often followed by high waters and floods, because in many cases these simulations are based on the long-term mean values. On the one hand, an overestimation of water yields leads to the unavoidable overstatement of the hydrological hazard levels and, consequently, of the costs to confront them. On the other hand, any uncertainties in hydrological modeling distorts sound planning of water use in a river basin, especially in extreme dry situations, which are becoming more frequent and more intensive due to climate change. So, the very dry late summer of 2015 in Moldova has caused a necessity to cease temporarily the planned irrigation of agricultural crops due to a critical reduction of water levels in the main rivers.
Finally, Moldova, like most of small countries, does not have its own hydrological models, and therefore it is forced to use the well-established foreign ones. In addition to the general problems in differentiating the runoff generation processes that are inherent in these models, their default parameters were developed primary to fit rainfallrunoff relations in the countries of their origin, and thus they are not necessarily accurate for other physiographic conditions. As a result, any of such models need to be adjusted to national conditions by the testing validation and calibration based on local climatic, hydrological and environmental conditions.
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